4-1 thru 4-3 


2 ectromacgnetics 


Reference Differential Form Integral Form 
Gauss’s law V-D= p. pD-ds=Q 
S 
OB OB 
Faraday’s law VxE———— PE-d=- — ‘ds 
or C 5 dt 
No magnetic charges V-B—O B-ds=0 
S 


(Gauss's law for magnetism) 


Ampere's law 
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Statles 


stat-ic 

ad). 

1. a. Having no motion; being at rest; quiescent. 
b. Fixed; stationary. 

2. Physics Of or relating to bodies at rest or forces 

that balance each other. 

3. Electricity Of, relating to, or producing stationary 

charges; electrostatic. 


4. Of, relating to, or produced by random radio noise. 


n. 
1. Random noise, such as crackling in a receiver or 
specks on a television screen, produced by 
atmospheric disturbance of the signal. 

2. Informal 

a. Back talk. 

b. Interference; obstruction. 

c. Angry or heated criticism. 
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For the special case of no time variations (i.e. statics) 
the electric and magnetic fields are de-coupled, and 
we can treat them separately! 
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Vector field E is given by 
Á ; 12 ë 
E = R 5Rcos8— uri sinOcos 6 +63sind. 


Determine the component of E tangential to the spherical surface R = 2 at point 
P(2,30?,60?). 


Solution: At P, E is given by 


a z Es dı Sö ği 
E = R 5 x 2cos30° — e sin 30° cos 60° + 63 sin 60° 
= R 8.67 — 61.5 + 02.6. 


The R component is normal to the spherical surface while the other two are tangential. 
Hence, . . 
E; = —81.5 +@2.6. 


Nere : sr PATI | 
Tes Actine spherical 


cottone o bt dili. be corel (Ze 


Lu X Actually Lers sh clear 
Charge Densities Calata Shi ab | 


| $ Quantum Scales fog. pous(’) 
| CX 2 of Location... e = -1.602x10 ? Coulombs 

E ` - Kim, AY = AG C/m2 va 
A | R= e a d C mm 
19 | Q = Toral chake E S ^s OV 

Y 
C - ^g Cm? Surface 
Q- ) O, ds 


" _ dp 4 Line 
! pa 0° mu 
‘ Q = $ Vi dl 
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Exercise 4.1 A square plate in the x-y plane is situated in the space defined by Exercise 4.2 A spherical shell centered at the origin extends between R = 2 cm 


-3m<x<3mand -3m<y<3m. Find the total charge on the plate if the and R = 3 cm. If the volume charge density is given by p, = 3R x 1074 (C/m?), find 
surface charge density is given by p, —4? (uCim’). the total charge contained in the shell. 
" 4 
ps=4y° py = 3R x 10 
o= | p.d: o= | p. dv 
S 
` up - Ef " 3R x 107^ -R^sin0 dR dO dò 
— Ay“ dx dy R=2 cm J0=0 J9—0 
SG 3 cm 
Agel 3 E aR 10-4 IRAN 
== —432uC =0.432 (mC). 2 em 
—3|_3 = 3m x 107* [(3 x 10-*)* — (2x 1072)*] =0.61 (nC). 


Not drawn to scale!! © 
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= p,uAsAt cos O 


(b) E RENT 


CONVECTION vs. conduction 
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Illustration of the electric field surrounding a positive (red) and a negative (green) charge. 


http://www.cco.caltech.edu/~phys1/java/phys1/EField/EField.html «———- Note: field lines... 
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A square with sides 2 m each has a charge of 40 C at each of its four 
corners. Determine the electric field at a point 5 m above the center of the square. 


First: what can you tell be qualitatively about the electric field at that point?? 


The distance |R| between any of the charges and point P is 
IR} = /12 + 12 + 52 = y27. 


ai e vE. 4 R4 

Areso [IRP IRS (RP IRD 

O [-i-$+35 i-$+25, —î+9+î5 £+9+25 

= 372 372 372 * 3⁄2 
4meo | (27) (2732 (27)? (27)3⁄2 

… 50 g 5x40 uC 1.42 


as -6 (vr) 
= oa. (27)3/2 Te) * 2722 Pres = x 10 (V, m) = 2512 (kV/m). 
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crystal molecule 


—— horizontal filer 


(a) Coaxial line (b) Two-wire line (c) Parallel-plate line 
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Example: Line charge... = | 
çi = O.K. ‚Ey at Polat P equals O 


Find the E-field a distance z above the 
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Examples: 


2. Derive an expression about the E-field due to an infinitely 
thin and long uniformly charged rod. 


dq-p,dz, E= [dE 


side view 


top view > x - 
—. 


E-field lines in the case of an 
infinitely long positive line charge 
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Example 4-5: Electric Field of a Circular Disk of Charge 


Find the electric field at point P with Cartesian coordinates 
(0, 0, h) due to a circular disk of radius a and uniform charge 
density ps residing in the x—y plane (Fig. 4-7). Also, evaluate E 
due to an infinite sheet of charge density ps by letting a — oc. 


Solution: Building on the expression obtained in Example 
4-4 for the on-axis electric field due to a circular ring of charge, 
we can determine the field due to the circular disk by treating 
the disk as a set of concentric rings. A ring of radius r 
and width dr has an area ds = 27rr dr and contains charge 
dq = p, ds =2npsr dr. Upon using this expression in 
Eq. (4.23) and also replacing 5 with r, we obtain the following 
expression for the field due to the ring: 


h 


dE = z ——————— 
š Az eo(r? + h?)3/2 


(2zpsr dr). 


P = (0. 0. h) 
h 


X 


Figure 4-7: Circular disk of charge with surface charge 
density ps. The electric field at P = (0,0, h) points along the 
z-direction (Example 4-5). 


Cont. 


Example 4-5 cont. 


The total field at P is obtained by integrating the expression 
over the limits r = 0 to r =a: 


„~ pah r dr 
E=2 — 
£ Jeg J (ri +h? 
^ Ps |A] | 
=+z — | | — ———— |, (4.24) 
280 | Va? + n? 


with the plus sign for h > 0 (P above the disk) and the minus 
sign when h < 0 (P below the disk). 


For an infinite sheet of charge with a — oo, 


We note that for an infinite sheet of charge E is the same at all 
points above the x—y plane, and a similar statement applies for 
points below the x-y plane. 


P = (0, 0, h) 


x 


Figure 4-7: Circular disk of charge with surface charge 
density ps. The electric field at P = (0,0, h) points along the 
z-direction (Example 4-5). 


Note: field lines... 


Example: Infinite sheet of charge 
Find the E-field a distance z above an infinite 
sheet with a uniform surface charge p,. 


Takas OUT a be casi ER 
IQ ey lindRical coords, 


and erring Y > eo 
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An infinite sheet of charge with uniform surface charge density ps is 
located at z = 0 (xy plane), and another infinite sheet with density —p, is located at 
z = 2 m, both in free space. Determine E in all regions. 


for the sheet at z — O, 


zb  foz»0, 

2£0 

E, = p 
-2 f5, forz<0. 

20 


Similarly, for the sheet at z = 2 m with charge density — px, 


=. forz»2m, 
E2 = 7 

A Ps 9 

L5 for z < 2 m. 


Hence, 
0, fotz « D, 


E—E;4E;— ae, for0<z<2m, 


iu for z > 2 m. 
H mM qe (E) 
5 metal 
2a 
d 
Ag” N 
dielectric spacing 
dielectric spacing 
(a) Coaxial line (b) Two-wire line (c) Parallel -plate line 


Example 4-5: Electric Field of a Circular Disk of Charge 


Find the electric field at point P_with Cartesian coordinates 
(0, 0, h) due to a circular disk of radius a and uniform charge 
density ps residing in the x—y plane (Fig. 4-7). Also, evaluate E 
due to an infinite sheet of charge density ps by letting a — oo. 


Solution: Building on the expression obtained in Example 
4-4 for the on-axis electric field due to a circular ring of charge, 
we can determine the field due to the circular disk by treating 
the disk as a set of concentric rings. A ring of radius r 
and width dr has an area ds = 2zr dr and contains charge 
dq = ps ds =2npsr dr. Upon using this expression in 
Eq. (4.23) and also replacing 5 with r, we obtain the following 
expression for the field due to the ring: 


h 


dE = 2 
è Areo(r? + h2)3/2 


(Qxpsr dr). 


The total field at P is obtained by integrating the expression 
over the limits r = 0 to r = a: 


„ psh rdr 
E=z — 
Leo) (2 4 833 
a Ps |h| | 
= +z — | | — ———— |, (4.24) 
280 | Ja? + h2 


with the plus sign for h > 0 ( P above the disk) and the minus 
sien when h < 0 ( P below the disk). 


For an infinite sheet of charge with a = 00, 


We note that for an infinite sheet of charge E is the same at all 
points above the x—y plane, and a similar statement applies for 
points below the x-y plane. 


P = (0, 0, h) 
h 
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Figure 4-7: Circular disk of charge with surface charge 
density ps. The electric field at P = (0, 0, h) points along the 
z-direction (Example 4-5). 


P = (0, 0, h) 
h 
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Figure 4-7: Circular disk of charge with surface charge 
density ps. The electric field at P = (0, 0, h) points along the 
z-direction (Example 4-5). 


Example: charge on a sphere 
Find the E-field a distance z above a sphere with a uniform surface charge p,. 


Special Case: E-field at a height of 1 m ? 


iu Ë Looks Like 
ES (e) — E TR < an Infinite 


SheeT, 


Special Case: E-field as seen from Pluto ? 


A È Looks | Ike 
ER ERES a polar choe 


N 


Practical Implementation 
What if the charge distribution is not uniform? 
What if the charged volume/surface/line is irregular ? 


FL (QI 
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Q = toral hege in volume 


VD = \py dv 
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Gaussian surface S 
enclosing volume v 


Physical meaning of Gauss’ electric law: 
Electric charges are sources of electric field. 


whv d-fBCg0 


www.voutube.com/watch ?v 


Physical meaning of Gauss’ magnetic law: 
Magnetic charges do not exist. 

Physical meaning of Ampere’s law: 

Electric currents produce magnetic fields. 
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from Distributed Charge VS Field lines can 
/ INN not cross © 
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Gauss' Law 


Gaussian surface S 
enclosing volume v 


Gauss’ Law is useful for some E-field calculations: 
1. Spherical Symmetry: make Gaussian surface a concentric sphere 
2. Cylindrical Symmetry: make Gaussian surface a coaxial cylinder 
3. Plane symmetry: make Gaussian surface a “pillbox” which straddles the surface. 
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A spherical volume of radius a contains a uniform volume charge 
density py. Use Gauss's law to determine D for (a) R € a and (b) R > a. 
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R<a hl a ge 
For R <a, R>a 
pas = $p, ds = D,(4nR°) f f 
3 S For R > a, total charge in sphere is 
Q within a sphere of radius A is > 
4 3 Y = HA Py, 
Q = ¿HR Py I 
ARR? Dr = na? 
Hence, RT 3 Pv; 
3 
AnR’Dr = -TR Dy D=RD, = RE R>a. 
vR D b R 
De p=ñp =ñP” R<a 


Q: what if the overall volume is not a sphere, but the 


inner ian surf ill is? i 
er Gaussian surface still is Same as if charge had all been concentrated at center !!!! 


A thin spherical shell of radius a carries a uniform surface charge 
density ps. Use Gauss's law to determine E. 


p.d; 
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Symmetry suggests that D is radial in direction. Hence, 


D = RD, 
ds — R ds 
4 
Y pD-ds = pr ds = Dr(AnR?) = Q 
' 5 5 
t 
Q 
1 D, = > 
' Ñ Ark? 
i | 
I e For a Gaussian surface of radius Rı «a, no charge is enclosed. Hence, Q = 0, 
" in which case E — 0. 
N 
e For a Gaussian surface of radius R> > a, 
Q = p.(4na?) 
and 
DR R „Anp, x 
=. -- E-;-7,D- g =R psa = gern 


AneR? AneR? -B ERZ 
d D:ds = 


; ; : š , — Q, =De 9; Q; = -36e 
Problem 4.16 Multiple charges at different locations are said to be in equilibrium 


if the force acting on any one of them is identical in magnitude and direction to the 
force acting on any of the others. Suppose we have two negative charges, one located 


at the origin and carrying charge —9e, and the other located on the positive x-axis at [-——— = (d- Jel 


a distance d from the first one and carrving charge —36e. Determine the location, | 1 d 
polarity and magnitude of a third charge whose placement would bring the entire 
system into equilibrium. Figure P4.16: Three collinear charges. 
Solution: If 
Fi = force on O, , 


F; = force on Q>, 
F = force on Qs, 


then equilibrium means that 
F, = F: = F}. 
The two original charges are both negative, which mean they would repel cach other. 
The third charge has to be positive and has to lie somewhere between them in order 
to counteract their repulsion force. The forces acting on charges Qj, Q>, and Q4 are 
respectively 
p -"uQiQs, RuQiQs _ _; 3240) |, 900; 
rech}, ARERI, Amd?  Aneox? ' 
p, .RuQiQr, Rad _ , 324e? Ço 360: 
a Are, 4reoRÌ, 4reodì — 4neo(d-x)?' 


5 R1:010s Os, R0:05 2-49 14 9605 
4meoR?, Amel, Amen? — Aneo(d — x): 
Hence, equilibrium requires that 


_324e 90s _ 324 360 _ 90D, 360 


fs * (dek AUS 
Solution of the above equations yields 


Qs = de, x= 


wi & 


4-5 


“I pointed out to you the stars (the moon) and 
all you saw was the tip of my finger” 
- Tanzania Proverb quotes 
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A spherical volume of radius a contains a uniform volume charge 
density py. Use Gauss's law to determine D for (a) R € a and (b) R > a. 
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For R <a, R>a 
pas = $p, ds = D,(4nR°) f f 
3 S For R > a, total charge in sphere is 
Q within a sphere of radius A is > 
4 3 Y = HA Py, 
Q = ¿HR Py I 
ARR? Dr = na? 
Hence, RT 3 Pv; 
3 
AnR’Dr = -TR Dy D=RD, = RE R>a. 
vR D b R 
De p=ñp =ñP” R<a 


Q: what if the overall volume is not a sphere, but the 


inner ian surf ill is? i 
er Gaussian surface still is Same as if charge had all been concentrated at center !!!! 


A thin spherical shell of radius a carries a uniform surface charge 
density ps. Use Gauss's law to determine E. 
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Symmetry suggests that D is radial in direction. Hence, 


D = RD, 
ds — R ds 
4 
Y pD-ds = pr ds = Dr(AnR?) = Q 
' 5 5 
t 
Q 
1 D, = > 
' Ñ Ark? 
i | 
I e For a Gaussian surface of radius Rı «a, no charge is enclosed. Hence, Q = 0, 
" in which case E — 0. 
N 
e For a Gaussian surface of radius R> > a, 
Q = p.(4na?) 
and 
DR R „Anp, x 
=. -- E-;-7,D- g =R psa = gern 
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Electrostatics 
VxE-() > A conservative field... 


— V ¿— A conservative vector field can always be expressed 
= m y as the gradient of a scalar field. 


C(r)- Vg(r) 
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Conservative fields 


(1 


C(r)=Vg(r) 


Integration over an open contour is dependent only mM mu 
on the value of scalar field g(7) at the beginning [coat " Val” ) dt 
and ending points of the contour (i.e., integration is i i 
path independent). 
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Problem 4.34 Given the electric field 


18 
E = Ba (V/m), 


find the electric potential of point A with respect to point B where A is at +2 m and 
B at —4 m, both on the z-axis. 


Solution: à 
Van=Va-Vn=- | E-dl. 
B 


E - 
Along z-direction, R — Z and E — 2- — for z > 0, and R = —Z and E = ho — for 


z < 0. Hence, 


18 0 18 
Vig=— f. Ey iden |f Bu TASE ba pid eV 
ead z? 


Plus a teeny little half loop of vanishingly 
small length around the origin... 


Energy per unit charge needed to 


Fectic Vorerrial ND." de «la 
— —.. 
o dchi ned beTweey 2 posts = VE Se E. IT 


o Usually Reeve al peins oD 
n space To 4 Com Mon g Round ... ot (ahay F 


Point Charge 


r) = a eel 
Are, r-r] 


and 


ae 


l ) Arne 
Va — > dV’ (volume distribution). 
Are R 
y’ 
, | Ps , ^ E ^ > 
V = — | —ds (surface distribution), 
Are J R' 
s 


| A È š GN 
V= E (line distribution ). 


Example 4-7: Electric Field of an Electric Dipole 


Solution: To simplify the derivation, we align the dipole 
along the z-axis and center it at the origin [Fig. 4-13(a)]. For 
the two charges shown in Fig. 4-13(a), application of Eq. (4.47) 
gives 


l (4 x) q (=£) 
Ve — + — | = EE IE 
47e0 \ Ri R» 47r £0 Ri Ro 


Since d < R. the lines labeled Rı and Ra in Fig. 4-13(a) 
are approximately parallel to each other, in which case the 
following approximations apply: 


Rə — Ri > d così, R I Ro = R?. 
Hence. 


qd cos 0 
u 4r eo R? I 


(4.52) 


d cos 0 


(a) Electric dipole 


SS 


(b) Electric-field pattern 


P= (R, 0, $) 


Cont. 


Example 4-7: Electric Field of an Electric Dipole (cont.) 


N D P = (R, 0, 
qdcos0 = qd-R=p-R, _ (R, 0, $) 


where p = qd is called the dipole moment. Using Eq. (4.53) 
In Eq. (4.52) then gives 
p:R 


ai. (electric dipole). (4.54) 
TEQ 


d cos 0 
In spherical coordinates, Eq. (4.51) is given by 
(a) Electric dipole 


a OV ~ 1 9V è ] oV 
fa aie ) ds — 


IR R 00 " Rsin@ dp 


(R2cos?+@sin@) (V/m). E ed 


(b) Electric-field pattern 


= 


z P(R, 6, 0) 


d cos 0 AS 


(a) Electric dipole (b) Electric-field pattern 


Poisson’s & Laplace’s Equations 


With D = cE, the differential form of Gauss’s law given by 
Eq. (4.26) may be cast as 


V.E- —. (4.57) 


Inserting Eq. (4.51) in Eq. (4.57) gives 


V.(VV) =, (4.58) 


Given Eq. (3.110) for the Laplacian of a scalar function V, 


2 2 2 


àv ay 8V 
V2y = V .(VV)= + $ ; (4.59) 
wor dx? ay? az? 


Eq. (4.58) can be cast in the abbreviated form 


v?y = -2 (Poisson's equation). — (4.60) 


This is known as Poisson’s equation. For a volume V’ 
containing a volume charge density distribution py, the solution 
for V derived previously and expressed by Eq. (4.48a) as 


V=-— | av (4.61) 


In the absence of charges: 


VV =0 


(Laplace's equation), 


ElectroStatics: a Summary 4-6 thru 4-8 


http://www.falstad.com/emstatic 


Lecture 15 


Exercise 4.10 Determine the electric potential at the origin in free space due to 
four charges of 20 pC each located at the corners of a square in the x-y plane and 
whose center is at the origin. The square has sides of 2 m each. 


For four identical charges all equidistant from the origin: 


40 


= R = 2 1 
ATEOR ° v2 (m 
_4x20x10° y2x10 m 
| Aney? N What if all 4 charges 


were at (1,1) ??? 


Sect Conductar 
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° 
Ohm’s Law ë M 
ES 


Exercise 4.13 The current flowing through a 100-m-long conducting wire of 
uniform cross section has a density of 3 x 10° (A/m?). Find the voltage drop across 
the length of the wire if the wire material has a conductivity of 2 x 10° (S/m). 


J = GË 
J 
E—— 
G 
V=EI 
Ji 
mir (where / = length of wire) 
3x 10° x 100 
= — — — = 1,5 (V) 
2x 107 m 
Exercise 4.14 A 50-m-long copper wire has a circular cross section with radius 
r= 2 cm. Given that the conductivity of copper is 5.8 x 10’ (S/m), determine (a) the 
resistance R of the wire and (b) the power dissipated in the wire if the voltage across 
its length is 1.5 (mV). (a) 
i 50 
` R = — = —— 
Jones Law GA 5.8x 107 x n(0.02)2 
= 6.9 x 107* Q. 


DE TAE Jy W ge 
N Ve CEA 


P= = 
R 6.9x 1074 


—3.3 (mW). 


Example 4-9: Conductance of Coaxial Cable 


The radii of the inner and outer conductors of a coaxial cable 
of length / are a and b, respectively (Fig. 4-15). The insulation 
material has conductivity ø. Obtain an expression for G’, the 
conductance per unit length of the insulation layer. 


Solution: Let / be the total current flowing radially (along f) 
from the inner conductor to the outer conductor through the 
insulation material. At any radial distance r from the axis of 
the center conductor, the area through which the current flows 
is A = 2zrl. Hence, 


I I 
=£ —= Ë (4.73) 
E A I 2rrrl 
and from J = c E. 
I 
E=f à (4.74) 
2rorl 


In a resistor, the current flows from higher electric potential 
to lower potential. Hence, if J is in the f-direction. the inner 


geeen Vies 


conductor must be at a higher potential than the outer conductor. 
Accordingly, the voltage difference between the conductors is 


a 
Va == | E-a 
b 


(4.75) 


(S/m). (4.76) 


G'=0 if the insulating material is air or a 
perfect dielectric with zero conductivity. 


Dielectric 


The term was coined by Whewell in response to a request from Faraday. Whewell considered dia-electric, since 
an electric field passes through the material (Greek: dia meaning "through"), but felt that dielectric was easier 
to pronounce. The nouns dielectric and insulator are generally considered synonymous 


So, charge may not be free N ea 
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The aligned material _ _ 
generates its own electric P = y.&,E + higher order terms a 


polarization field: 
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Relative Permittivity, 


Paraffin wax 


Plexiglass 
Polyethylene 
Polystyrene 
Porcelain 
Rubber 

Soil (dry) 

Teflon 

Water (distilled) 
Seawater 


CS = | 2) 
CE with E=ERÉ, Nee Cox 3.3518 (540^ ` É 
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Dielectric Breakdown 


Note: this will be for when we talk 
about non-static © 
(but still isotropic and linear media) 


4-9, 4-10 


D= with e = £ 


O.K., this works fine for 
homogeneous material 
(i.e., e and o constant), 
but what if they vary 
spatially?? 
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i/Electrostatics 


The electrostatic field (lines with arrows) of a nearby positive charge (+) causes the mobile charges in conductive 
objects to separate due to electrostatic induction. Negative charges (blue) are attracted and move to the surface 
of the object facing the external charge. Positive charges (red) are repelled and move to the surface facing away. 
These induced surface charges are exactly the right size and shape so their opposing electric field cancels the 
electric field of the external charge throughout the interior of the metal. Therefore the electrostatic field 
everywhere inside a conductive object is zero, and the electrostatic potential is constant. 


Boundary Conditions (vet more) 


: : Medium 1 Medium 2 Medium 1 Medium 2- 
PAd an Any ee Dielectric €, Dielectric €; Dielectric €, Conductor 


Tangential E En = Ex En = Ex Er = Ex = 0 


'Tangential D Dufeı = Da/£ Du/£&i = Da/£ Du=Da=0 
Normal E fi - (€ E, — £;E;) — ps € Ein —€&E;4,— ps Ein = psfeı E‚n =0 
Normal D û-(D, — D.) = ps Din — Dan = Ps Din = Ps Don = 0 


Notes: (1) ps is the surface charge density at the boundary; (2) normal components of E,, D,, Ez, and D are along ño, 
the outward normal unit vector of medium 2. 
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find E; if 
€] = €o, and 


Given that the x-y plane is the boundary between the two media, the x- and y- 


the two sides of the boundary. Thus, 
En = En = > 
Ey=Ey=-3. 


For the z-component, 
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ELE; = 82E (ps=0) 
NORM A £2 Seo 4 
— (e - og cde 
N Ar 
Hence, 


E)=%2-33+212 (V/m). 
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x-y plane 


£2 = Seg. Assume the boundary to be charge free. 


Repeat for a boundary with surface 


charge density ps = 3.54 x 10-11 (C/m?). 


Same AS 
befoge 
For z-component, 
SE; — & Ex = ps 
E). = £2k2- + Ps 
£1 
_ 889 x 3 +3.54x 10711 
Oo 
3.54 x 1071 
=12+ 


2 x 8.85 x 10-12 
=1242=14 (V/m). 


Hence, 
E, =x2—934+214 (V/m). 


—————————————— 


Perfectly conducting spherical shell 
(air, inside and out) 


*Describe the Electric field at some point R>b. 
eSketch the radial component of the Electric field vs. R 
eSketch the potential V vs. R 


Centered at the origin, 
where there is a charge Q. 


£ N 


Probing Question 


Outside the system shown in the figure, the electric field is as if there was no 
conducting shell surrounding the charged body. And yet, metal layers are used 
for shielding static electric fields. How is it possible? What must be done so that 
the conductor would shield the field of the charged body that is inside the 
cavity? 
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ONLY at interface!! 


: : Medium 1 Medium 2 Medium 1 Medium 2 
PISO seri il nm Dielectric €, Dielectric €; Dielectric €, Conductor 


Tangential E E It = En E i= EA E i= EA =0 
Tangential D Dije = Do /€2 Dufeı = Do /€2 Diy, = Da = 0 


Normal E ñ-(e E — £;E;) = Ps € Ein € Est = Ps Ein = ps/ei En = 0 
Normal D û-(D, — D;) = ps Din — Dan = Ps Din = Ps Do, =0 


Notes: (1) ps is the surface charge density at the boundary; (2) normal components of E,, D,, Ez, and D; are along fi, 
the outward normal unit vector of medium 2. 


What does potential do at interface? 


Equipotentials and flux lines for eps=2.2 


hollow, 
no charge... 
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T Field lines 
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Faraday cage, etc. 


Medium 1 


Medium 2 
Dielectric 


Conductor 


En = Ex = 0 
Din= Ps Don =0 


ds Ha = 0 
Bin = Bon = 0 


LİN 


Perfect conductor 
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€, = 26 


Perfect dielectric 


Capacitance 
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Canne 4-12: AS Per Unit Length of E 


Line 
! | pt 
Pe 
V 
Inner conductor 
š š š \ Dielectric material & 
Application of Gauss’s law gives: en aj 
“> Outer conductor 
=p Ë 
2rrerl ` Figure 4-25: Coaxial capacitor filled with insulating material of permittivity e (Example 4-12). 


The potential difference V between the outer and inner 
conductors is 


Q is total charge on inside of outer 
b cylinder, and —Q is on outside surface of 
b ) (4.115) , ; 

inner cylinder 


4.116) 


“i ca In(b/a) ` (4.1 


and the capacitance per unit length of the coaxial line is 


G Dre 


— = —— Im). 4.117 
] in(b/a) (F/m) ( ) 


How do you 
figure out E- 
field for this 
scenario? 


Charge Q above grounded plane Equivalent configuration 


Charge distributions above ground plane Equivalent distributions 


= 


Example: Ground planes for antennae... 


